ABSTRACT -The objective of this study was to evaluate the effect of salinity on the culture water quality, performance and body composition of Litopenaeus vannamei juveniles (1.16±0.30 g) reared for 36 days in a super-intensive system without water exchange at salinities of 4, 16 and 32‰. Groups of 200 animals (140/m 2 ) were stocked, with three replicates, in nine fiber-cement tanks (1.11 × 1.29 × 0.70 m) with a useful volume of 400 L. Physical and chemical parameters of water, such as temperature and dissolved oxygen before and after midday, pH, alkalinity, total suspended solids, total ammonium nitrogen, nitrite, nitrate, and phosphate, were monitored. Performance parameters like survival, weight gain, specific growth rate, feed conversion ratio and protein retention rate, were also evaluated. The proximate composition of the juveniles was analyzed through the moisture, protein, lipid and ash contents. The physical and chemical parameters of the water were influenced by the treatments. The increased salinity produced a significant increase in the alkalinity and the concentrations of total suspended solids, nitrite and phosphate. Of the parameters that were examined to evaluate the performance and proximate composition of the shrimp, only survival, protein retention rate and body lipid content were significantly influenced. The highest values were found at a salinity of 32‰. However, the analysis of the proximate composition of the bioflocs showed that the moisture, protein and lipid contents increased as the salinity decreased. Growth, use of feed and survival of L. vannamei juveniles reared in a super-intensive system without water exchange is positively influenced by an increase of salinity from 4 to 32‰.
Introduction
The Pacific white shrimp (Litopenaeus vannamei) is the most widely reared penaeid in the Western Hemisphere (Saoud et al., 2003) . Due to its ability to maintain osmotic regulation over a wide range of salinities, this species is capable of inhabiting waters with salinities ranging from 0.5 to 40‰ (Saoud et al., 2003) . However, although L. vannamei juveniles can be successfully reared at salinities of 5 to 35‰ (Ponce-Palafox et al., 1997) , the salinity range considered ideal for the culture of the species is from 15 to 25‰ (Boyd, 1989) .
The excellent animal-performance characteristics of L. vannamei, together with its tolerance of a wide range of salinities, have made this species attractive for culture at low salinities in several American countries (McGraw et al., 2002) , Thailand (Saoud et al., 2003) , Israel (Boyd, 2001) and China (Cheng et al., 2006) . The production of marine shrimp in inland waters is more economically viable than marine shrimp culture in coastal zones due to the high cost of land and the strict environmental protection legislation in these coastal regions (Atwood et al., 2003) . In addition, the inland culture of marine shrimp allows the shrimp farms to be located at a distance from potentially contaminated coastal waters (Moya et al., 1999) . However, reduced salinities may affect the physiology of marine shrimp, resulting in decreased survival (Jiang et al., 2000) .
In recent years, growing concerns about the environmental impact of shrimp farms, together with the incidence of diseases, spurred the development of culture systems using minimum or no water exchange (Hopkins et al., 1995) . These systems minimize the discharge of effluent (Naylor et al., 1998) and the probability of the spread of pathogens (Wasielesky et al., 2006) . Moreover, the characteristic microbial community of these systems (bioflocs) may represent a supplemental dietary source for the reared organisms (Burford et al., 2004) , allowing a decrease in the concentration of the feed protein (Ballester et al., 2010) .
Thus, in view of the advantages in producing marine shrimp in inland waters in biofloc systems, this study aimed to evaluate the influence of salinity on the culture water quality, performance and body composition of L. vannamei juveniles reared in a super-intensive system without water exchange.
Material and Methods
This study was conducted at the facilities of the Marine Station of Aquaculture Prof. Marcos Alberto Marchiori (EMA), Institute of Oceanography, Universidade Federal do Rio Grande, located in Rio Grande/RS, Brazil. The shrimp larvae were acquired from the commercial laboratory Aqualíder Ltda (Porto de Galinhas/PE, Brazil). After the arrival of the L. vannamei nauplii at the EMA facilities, the nauplii were kept in the Sector of Marine Shrimp Larviculture (28 ºC, 30‰) and reared according to methodology adapted from Marchiori (1996) until their use in the experiment. The experimental system was located inside a greenhouse and consisted of nine fiber-cement tanks (1.11 × 1.29 × 0.70 m) with a useful volume of 400 L.
Prior to the transfer of the L. vannamei juveniles to the experimental units, the animals were properly acclimated to the different salinities (4, 16 and 32‰) to be evaluated. The shrimp were stocked in 163-L polyethylene tanks with a bottom area of 0.36 m 2 . Over seven days, 5‰ reductions in salinity were performed every 24 h until the desired salinity was reached (Ponce-Palafox et al., 1997) . The shrimp were cultured in different salinities obtained by diluting previously chlorinated (15 mL chlorine/1,000 L) and, then, dechlorinated seawater with dechlorinated freshwater from the public supply.
To prepare the culture medium, the experimental units were filled with water at the different salinities. The diatom Thalassiosira weissflogii, an euryhaline species, able to acclimate to extreme salinity environments, from freshwater -brackish, to marine waters (Radchenko and Il'yash, 2005) , was then inoculated in each tank at an approximate concentration of 1.75 × 10 4 cells/mL. When the phase of exponential growth of the microalgae was verified (approximately 3 days after the inoculation), the shrimp were stocked. Groups of 200 L. vannamei juveniles (140/m 2 ) with an initial weight of 1.16±0.30 g, properly acclimated to the 4, 16 and 32‰ salinities, were stocked in the experimental units. During the 36 days of the experiment, the shrimp were fed a commercial diet (44.5% crude protein) supplied in trays ( = 0.15 m) twice a day (9.00 h and 17.00 h). The initial feeding rate was 7% of the total biomass in each experimental unit, adjusted according to the amount of unconsumed feed measured in the culture each day. Every morning, uneaten feed was removed from the feeding trays and dried in an oven at 70 ºC until a constant weight was attained. The final dry weight was then recorded to the nearest 0.01 g. In addition, feed leaching and percent moisture were evaluated according to Wasielesky et al. (2006) .
To stimulate the formation of the microbial floc, the water in the experimental tanks was strongly aerated by airlift devices and was fertilized during the first three experimental days with molasses and wheat bran as carbon sources. The nominal C:N ratio of the daily additions of organic matter to the tank was approximately 20:1 based on the carbon and nitrogen concentration in the commercial diet and organic fertilizers (Chamberlain et al., 2001) . Thereafter, organic matter was added according to the TA-N concentration in the system. When concentrations of TA-N ≥1 mg/L were found, molasses was added at a ratio of 6 g carbon to each 1 g TA-N (Avnimelech, 1999) .
The salinity, temperature, dissolved oxygen content (DO 2 ) and pH of the water were monitored daily with a multiparameter equipment (YSI ® -Ohio/USA). Every three days, water samples were collected for the determination of TA-N using the UNESCO (1983) methodology and for nitrite (N-NO 2 -), nitrate (N-NO 3 -) and phosphate (P-PO 4 3-) determination according to Aminot and Chaussepied (1983) . The concentration of total suspended solids (TSS) was also evaluated every three days with a method adapted from Strickland and Parsons (1972) , and alkalinity was verified weekly with the Titrimetric method (APHA, 1989) .
Random samples of 20 shrimp from each experimental unit were briefly dried with a paper towel and then weighed at the beginning of the study, on the 20th day and at the end of the study, when the quantitative characteristics of all the shrimp were measured.
Samples of approximately 50 g of shrimp from the initial stock and 150 g of shrimp from each salinity level (50 g/tank) were collected at the beginning and the end of the experiment, respectively, for the analysis of whole body composition (AOAC, 1999) . The L. vannamei juveniles were sacrificed with hypothermia and stored (-20 ºC) until analysis. At the end of the trial, samples of the bioflocs formed at each salinity level were also collected for proximate composition analysis. It was necessary to pool the replicates at each salinity concentration to obtain a sufficient quantity of material for analysis.
The performance and nutrient retention of the shrimp were evaluated in terms of the following parameters:
Survival (%) = (shrimp initial number -dead shrimp number)/shrimp initial number × 100;
Weight gain (g) (WG) = final weight (g) -initial weight (g); Specific growth rate (%) (SGR) = 100 * (ln final weight (g) -ln initial weight (g))/days of experiment;
Feed conversion ratio (FCR) = feed intake (dry matter) (g)/weight gain (g); and
Protein retention rate (%) (PRR) = ((final weight (g) * final body protein (%)) -(initial weight (g) × initial body protein (%))/total protein intake (dry matter) × 100
The homoscedasticity of the variances and the normality of the data on the physical and chemical parameters of the water, performance and proximate composition of the shrimp were verified. A one-way analysis of variance (ANOVA) was then applied. If significant differences (P<0.05) among treatments were detected, the means were compared with a Tukey HSD test. The values expressed in percentages were arcsine transformed for the analysis (Sokal and Rohlf, 1969) .
Results
The temperature, DO 2 concentration in the morning and pH did not differ significantly (P>0.05) among the treatments (Table 1) . However, the DO 2 concentration recorded in the afternoon was significantly lower (P<0.05) at the 32‰ salinity. The alkalinity, TSS and P-PO 4 3-concentrations increased with increasing salinity and were significantly higher (P<0.05) at 32‰. The nitrogen compounds showed no significant differences (P>0.05). However, the TA-N concentration tended to decrease and the N-NO 3 -concentration tended to increase with increasing salinity. The N-NO 2 -concentration increased with increasing salinity and was significantly higher at 32‰.
The highest survival was verified at a salinity of 32‰. This value of survival differed significantly (P<0.05) from that obtained at the 4 and 16‰ salinities (Table 2) . Although no significant differences (P>0.05) were found in weight gain, specific growth rate or feed conversion of the shrimp maintained at the different salinities, these parameters tended to improve with the increase in salinity. The protein retention rate showed a direct positive relationship with the increase in salinity and was significantly higher in the shrimp maintained at 32‰.
The data on the whole-body composition of the shrimp (Table 3) showed a tendency for moisture to decrease and for protein and ash content to increase with increasing salinity, but these differences were not significant (P>0.05). However, the body lipid content of the L. vannamei juveniles was significantly (P<0.05) influenced by the salinity. The lowest and highest values found for the shrimp occurred at 4 and 32‰, respectively.
The proximate composition of the bioflocs suggested that the salinity had little influence on the moisture, protein and lipid contents, which showed only a small variation. However, the ash content increased as the salinity increased from 4 to 16 and 32‰. 
Discussion
The temperature of the culture was slightly below the range of 24 to 32 ºC considered appropriate for the culture of the species. This lower temperature tended to decrease the growth potential of the shrimp from its maximum potential (Van Wyk and Scarpa, 1999) . Wyban et al. (1995) reported that L. vannamei juveniles (3.9 g) showed reduced growth at a temperature of 23 ºC compared with the growth of the same-size class reared at 27 and 28 ºC. The DO 2 concentration showed a slight decreasing trend with the increase in salinity but remained within the recommended range (5.0-9.0 mg/L) for the species. The pH also remained in the range considered appropriate for good performance of penaeid shrimp (7.0-9.0) (Van Wyk and Scarpa, 1999; Cohen et al., 2005) . According to Van Wyk and Scarpa (1999) , an alkalinity ≥100 mg/L CaCO 3 is recommended for the culture of penaeids. Values in this range were only reached at 32‰ despite the gradual increase of alkalinity with the increase in salinity.
The evaluation of the TSS concentration showed an increase in the density of the bioflocs over the experimental period. This concentration was directly influenced by the salinity and showed its highest value at 32‰. Decamp et al. (2003) also found the highest TSS concentration at the highest salinity (36‰). These results are supported by the findings of other studies, whose authors remark that the salinity and temperature are factors that influence the concentration of the bioflocs. A tendency for the aggregation of the suspended particles and the size of the bioflocs to increase with the increase in salinity was also verified (Hakanson, 2006; Avnimelech, 2007) .
The lowest TA-N concentration was recorded at the highest salinity. However, the differences in TA-N were not significant. Decamp et al. (2003) state that in culture systems without water exchange, the dynamics of nitrogen does not appear to be significantly impacted by the salinity. These researchers suggest that the variations in the concentrations of nitrogen compounds observed at different salinities reflect only the nitrogen accumulation in a culture system maintained without water exchange. However, many studies indicate that salinity represents one of the major factors influencing the development of heterotrophic bacteria and the nitrification processes (Timmons et al., 2002) . Moreover, these studies have demonstrated an inverse relationship between salinity and the rates of TA-N excretion by penaeid shrimp (Gómez-Jiménez et al., 2005; Perez-Velazquez et al., 2008) . The highest N-NO 2 -and N-NO 3 -concentrations were found at the highest salinity, suggesting a higher intensity of the nitrification processes. The N-NO 3 -concentration tended to increase with increasing salinity. However, this parameter was below the maximum level recommended for the species (≤60 mg/L) (Van Wyk and Scarpa, 1999) in all treatments. Decamp et al. (2003) also verified an increase in the N-NO 3 -concentration with increasing salinity in L. vannamei culture without water exchange. Lin and Chen (2003) demonstrated an inverse relationship between salinity and N-NO 2 -toxicity in L. vannamei juveniles, observing that the susceptibility to this substance increased if the animals were exposed to hypo-osmotic conditions. The N-NO 2 -concentration exceeded the safe concentrations for the culture of L. vannamei juveniles in seawater (≤1 mg/L) and water with salinity close to 2‰ (0.45 mg/L) (Van Wyk and Scarpa, 1999; Gross et al., 2004) . Thus, is possible that the N-NO 2 -concentrations in the cultures contributed to mortality, which increased significantly at salinities lower than 32‰. The P-PO 4 3-concentration was directly related to and significantly influenced by increasing salinity. Similarly, Decamp et al. (2003) found that the P-PO 4 3-concentration tended to increase with increasing salinity. In excavated culture ponds, phosphate ions are rapidly bound by the sediment, and the concentration of these ions in the water column decreases substantially (Boyd, 2007) . However, phosphate accumulation in the culture is expected in ponds with a lined bottom and in recirculating closed systems, as observed in this study. In general, the survival observed in culture systems without water exchange and in association with bioflocs is high (McAbee et al., 2003; Wasielesky et al., 2006; Kuhn et al., 2008) . However, the survival of marine shrimp reared at low salinities varies and may be influenced by factors such as the ionic composition of the water, the species, the age of the animals, the rate of reduction of salinity and the final salinity at which acclimation occurs (McGraw et al., 2002; Cheng et al., 2006) . In this study, shrimp survival was significantly affected by salinity, with increasing mortality as the salinity decreased from 32 to 16 and 4‰. Similar effects were reported by Laramore et al. (2001) with L. vannamei post-larvae at salinities of 4 and 30‰ (survival of 86 and 100%, respectively); Jayasankar et al. (2009) , with post-larvae at salinities of 0.0, 0.5, 0.75 and 1.5‰ (survival of 2, 29, 47 and 85%, respectively) and juveniles at salinities of 0.0, 0.5 and 0.75‰ (survival of 65, 77 and 93%, respectively); Decamp et al. (2003) , with juveniles, in a system without water exchange, at salinities of 9, 18 and 36‰ (survival of 68, 93 and 94%, respectively); and Maicá et al. (2012) , with juveniles, in the same system, at salinities of 2, 4 and 25‰ (survival of 22.50, 72.73 and 97.50%, respectively). Moreover, Perez-Velazquez et al. (2012) observed a reduced value of survival of L. vannamei post-larvae reared at a water temperature of 24 ºC, at a salinity level of 4‰ and with a Na + :K + ratio of 120 (10.0%), compared with the 40 (95%). According to Cheng et al. (2005) , L. vannamei juveniles reared at low salinities gain less weight than those maintained in seawater. In this study, the decreased salinity was reflected in a decrease in shrimp growth confirmed by a decreasing trend in specific growth rate and weight gain. Although the differences were not statistically significant, the results were informative because the weight gain attained at 4‰ (coefficient of variation 0.40) salinity was almost half of that obtained at 32‰ (coefficient of variation 0.16). Laramore et al. (2001) , Walker et al. (2009), and Maicá et al. (2012) , also in a system without water exchange, likewise recorded higher weight gains for both L. vannamei postlarvae and juveniles maintained at high salinity (at 30, 28 and 25‰, respectively), than at low salinity (at 4, 2 and 2‰, respectively). Furthermore, Perez-Velazquez et al. (2012) reported a reduced value of weight gain of the referred species post-larvae reared in a water temperature of 24 ºC, at salinity of 4‰ and with a Na + :K + ratio of 120 (514.0%), compared with that of 40 (1,212.8%). Saoud et al. (2003) explain that the ionic composition of well waters may be a more important limiting factor to the shrimp growth and survival than the salinity itself. Deficiencies in certain ions, such as magnesium (Mg 2+ ) and potassium (K + ), have been shown to negatively impact growth and survival of shrimp (Saoud et al., 2003; Davis et al., 2005) . Moreover, according to Roy et al. (2007) there are indications that the sodium (Na + ) and K + ratio of low salinity waters may be a critical factor for the successful shrimp growth and survival; as could be seen, for example, in the mentioned study of Perez-Velazquez et al. (2012) . Besides this, Rosas et al. (2001) state that marine shrimp reared at low salinity use dietary protein as a source of amino acids for not only weight gain (protein retention) but also maintenance of osmotic pressure. In this context, certain studies demonstrate that marine shrimp maintained at salinity lower than that of seawater shrimp exhibit a higher protein requirement (Shiau, 1998) . However, Perez-Velazquez et al. (2008), rearing L. vannamei juveniles at 4‰ salinity in a system without water exchange, did not observe significant differences in the weight gain of shrimp fed diets with 35 and 40, or 25 and 30% CP. Similarly, Perez-Velazquez et al. (2007) , maintaining juveniles of the same species at 2, 35, and 50‰ and feeding them diets with 25, 30, 35 and 40% CP, found no significant effect of the interaction between salinity and protein concentrations on the weight gain of the shrimp. Wasielesky et al. (2006) remark that the weight gain of shrimp reared in systems without water exchange in association with bioflocs increases due to the nutritional benefits provided by the high natural productivity characteristic of these environments.
Feed conversion was not significantly influenced by salinity but tended to improve with increasing salinity. This result is consistent with the findings of Decamp et al. (2003) , who did not find significant differences among the feed conversion values of L. vannamei juveniles maintained at 9, 18 and 36‰ but reported lower (better) values of feed conversion with increasing salinity (7.9, 1.8 and 1.6, respectively). In this study, the improvement in feed utilization with increasing salinity was also demonstrated by a significant increase in the protein retention rate of shrimp reared at 32‰ compared with shrimp maintained at 4‰ and 16‰. Huang et al. (2004) state that the biochemical composition (moisture, lipids and protein) of penaeid shrimp varies with changes in salinity. In this study, although the moisture content did not significantly differ among the salinities, it tended to decrease as the salinity increased. Similarly, Liang et al. (2008) and Perez-Velazquez et al. (2007) found an increase in the moisture content of L. vannamei juveniles as the salinity decreased from 30 to 0.5-1.5‰ (moisture contents of 747.0 and 807.0 g/kg, respectively) and from 50 to 2‰ (708.0 and 737.0 g/kg, respectively). In contrast, Li et al. (2007) observed a direct relationship between the moisture content of L. vannamei juveniles (735.0, 750.0 and 767.0 g/kg) and increase in salinity (3, 17, and 32‰).
The body content of protein, lipids, and ash in the shrimp increased from the lowest to the highest tested salinity, but the differences were significant only for lipids. Studies conducted by Huang et al. (2004) and Liang et al. (2008) demonstrated a similar salinity effect on the protein content of L. vannamei. However, although Li et al. (2007) and Perez-Velazquez et al. (2007) did not find a significant influence, they found that the body protein content of L. vannamei juveniles decreased with increasing salinity, a result contradicting that obtained by the current study. The findings of Li et al. (2007) and Liang et al. (2008) for the contents of lipids and ash were also unlike those of the current study. Those authors reported a decrease in the lipid and ash content of L. vannamei juveniles according to the increase in salinity, but the differences were not significant.
The protein content of the bioflocs tended to increase with decreasing salinity. Similar results were reported by Ju et al. (2008) , who reared L. vannamei juveniles in a system with reduced water exchange at 5, 18, and 32‰ salinity and found that the bioflocs formed at the lowest salinity showed a higher protein content than the bioflocs formed at the highest salinity. The literature reports a variety of findings about lipid content in bioflocs. In this study, the lipid content found in the bioflocs (03.3-04.2 g/kg) is lower than the 125.0 g/kg of lipids in the bioflocs obtained in a culture performed by McIntosh et al. (2000) but does not differ as markedly from the contents reported by Tacon (2000) , Wasielesky et al. (2006) , and Ju et al. (2008) , who also found relatively low quantities of lipids in bioflocs (06.0, 05.0, and 12.0-23.0 g/kg, respectively). This variation is most likely related to differences in the microbial composition and culture conditions of the bioflocs. A clearly increasing trend in the ash content of the bioflocs with increasing salinity (13.4-44.5 g/kg at 4-32‰, respectively) was demonstrated. These results are consistent with the observations of Ju et al. (2008) that the ash content of bioflocs increased with increasing salinity.
Conclusions
The increase in salinity from 4 to 32‰ and its arising effects, like the increase in alkalinity and total suspended solids concentration, positively affect the growth performance and survival of L. vannamei juveniles reared in super-intensive system without water exchange. The shrimp body composition is also influenced, with highest body lipid concentration found at 32‰.
